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(S) Recombinant vector plasmid capable of expressing human manganese superoxide dismutase, and 
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(g) A recombinant vector for producing human manganese superoxide dismutase (Mn-SOD) and a 
process of producing human Mn-SOD using the recombinant vector are disclosed. The recombinant 
vector comprises a ligated promoter including tac promoter and Pt pronrK)ter; a staictural gene 
encoding human manganese superoxide dismutase. which is located downstream the ligated pro- 
moter ; and a terminater which acts in E. coll cell, which is located downstream the structural gene. 
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L Field of the Invention 

This invention relates to a reconibinant vector plasmid capable of effectively expressing human manganese 
sup6fX)xide dismutase (hereinafter refen' d to as "Tiuman Mn-SOD*^, and t a process of producing human Mn- 
SOD using the same. The present invention also r lates to a process of recovering human Mn-SOD from a 
sciut'on containing proteins in bacterial ceiis, including human Mn-SCD, by which a human Mn^OD same as 
the naturally occuning human Mn-SOD can be effectively isolated. 

II. Description of the Related Art 



Superoxide dismutase (hereinafter refen-ed to as "SOD") is an enzyme widely occum'ng in nrx)st organisnr^s 
as an essential enzyme. This enzyme controls anti-oxidation properties and removes active oxygen produced 

f 5 by phagocytosis of luekocytes or the like so as protect the organism from the acthre oxygen. Most of the active 
oxygen with high reactivity is usually removed by SOD. However, recent shidies revealed that excess active 
oxygen cannot be removed at once and the thus accumulated active oxygen destroys the ceils and tissues so 
as to cause inflanrunatton. Such inflammatton may occur at any part of the body and may cause critical results. 
Recent clinical studies of such inflammation revealed that the inflammation is caused by free radical. Thus, the 

20 role of SOD in organisms is very important In these several years, the properties of various SODs have been 
compared. As a result, it was discovered that Mn-SOD plays more important role than other SODs and that 
Mn-SOD is very stable in the body (Reference 11). Thus, it is desired to produce pure human Mn-SOD in a 
laiige scale by using genetk: engineering technique. 

A part of the amino acid sequence of human Mn-SOD was determined by Harris et al in 1977 (Reference 

25 1) and the whole amino acid sequence was determined by Barra et al in 1984 (Reference 2). The SOD studied 
by Barra et al was isolated from human liver. The study revealed that Mn-SOD has a novel amino add sequence 
which is utterly different from those of Cu-SOD and Zn-SOD. Recently, cDNAs of Mn-SOD were doned from 
human cells of different origins and Mn-SOD genes encoding amino add sequences in which several amino 
acids are different each other were identified (References 3, 4 and 5). The detemnined amino acid sequences 

30 are similar to that determined by Ban^ et al (Reference 2). 

These human Mn-SODs have been produced by genetic engineering technique using E. coll (References 
' 3, 1 3 and 1 8) or using yeasts (Reference 2). 

In the method of producing human Mn-SOD using E. coli . E. coli transformed with a vector containing 
human Mn-SOD gene located at downstream region of promoter is used. P|. promoter is a known promoter 

35 originated from X phage. However, in the metod in which promoter is used, to produce the desired protein, 
the culturing temperature must be changed in the later stage of the culturing so as to induce the production of 
the desired protein. Although such a method may be effective in some cases where the desired protein is toxic 
to the host cell, In cases where the desired protein is not toxic to the host cell as in the case of producing human 
Mn-SOD, changing the culturing temperature is merely troublesome, and moreover, it may result in the 

40 fonnation of incomplete moliecules due to the rapid protein synthesis. Further, the percentage of the desired 
human Mn-SOD accumulated in the host cells among the soluble proteins In the host cells is only 20% 
(References 13 and 18). StOt further, the human Mn-SOD produced by this process has a manganese ion 
content of 0.77 ion per one polypeptide chain, which is insufficient for human Mn-SOD to exhibit the SOD 
activity. The human Mn-SOD extracted from human organs is tetramer (Reference 17). With the conventional 

45 method for producing human Mn-SOD using E. coli. . the content of tetramer in the produced human Mn-SOD 
is only 10% (Reference 3). 

In the conventional process in which a yeast is used, the amount of the produced desired protein is only 
0.5 mg/l medium (Reference 14), which is much smaller than that (400 - 500 mg/1) attained by the process of 
the present invention later described. Further, culturing yeasts is more troublesome than culturing E. coli. 

so For the effective production of a pdypeptide having human Mn-SOD enzyme activity, it is advantageous 
in various respects to use E. coli. However, with the conventional technique, as mentioned above, satisfactory 
production process of human Mn-SOD has not yet been established. 
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SUMMARY OF THE INVENTION 

Accordingly, an object of the present invention Is to provide a recombinant vector plasmid capable of 
effectively producing human Mn-SOD in a large anrxMjnt in E. coli . 

Another object of the present invention is to provide a process of producing human Mn-SOD using th 
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recombinant vectc^^mid of the present invention, by which human M^^D with high manganese content 
and high activity may be effectively produced in a large amount by a simple operation. 

Still another object of the present invention is to provide a process of recovering human Mn-SOD from a 
solution containing soluble proteins in the host cells, by which the molecular weight and specific activity of the 
human Mn-SOD are not decreased and human Mn-SOD having the same molecular weight and high activity 
as those of natuially occurring human Mn-SOD may be isolated. 

The present invention provides a recombinant vector comprising a ligated promoter including te|c promoter 
and pL promoien a structural gene encoding Mn-SOD, which Is Ideated dowhstreanTthe ligated 

promoter; and a temiinator which acts in E. coii cell, which is located downstream the structural gene. 

The present invention also provides an E. coli transformant which is transfonned with the recombinant 
vector plasmid of the present invention. 

The present invention further provides a process of producing human Mn-SOD comprising culturing the 
transformant of the present invention in a condition to produce the human Mn-SOD, and recovering the 
produced human Mn-SOD. 

The present invention stni further provides a process of recovering human Mn-SOD from a solution 
containing soluble proteins in bacterial cells, comprising, in the order mentioned, the steps o^ (a) passing the 
solution containing soluble proteins in the bacterial cells through an anion-exchange chromatography column; 
(b) adjusting the pH of the passed through fluid from the anion-exchange chromatography column to 6.0 - 6.7, 
and adjusting the salt concentration of the passed through fluid from the anion-exchange chronr^tography 
column to a degree capable of being adsorbed to a cation-exchange chromatography column used in the 
following step (c); (c) passing the resulting solution obtained in step (b) through a cation-exchange 
chromatography column; (d) passing through the cation-exchange chromatography column an elution buffer 
having a pH of 6.0 - 6.7 and a high salt concentration capable of eluting human Mn-SOD; and (e) recovering 
. Jthe eluted human Mn-SOD. 

By the present invention, it was first attained to produce human Mn-SOD in a large amount effectively by 
means of genetic engineering technique. In the method of producing human Mn-SOD according to the present 
invention, the troublesome induction operation such as raising the culhiring temperature or the like is not 
necessary, so tfiat the process is simple. Further, the human Mn-SOD recovered by the process of the present 
invention is mostiy in the forni of tetramer, so that tiie human Mn-SOD retains its high activity. 

The invention will now be described in more detail by way of example only, with reference to the 
accompanying drawings In which: 

Fig. 1 shows amino acid sequence of human Mn-SOD; 

Fig. 2 shows nucleotide sequence encoding the polypeptide shown in Fig. 1; 

Fig, 3 shows nucleotide sequence shown in Fig. 2 divided into three blocks as well as DNA fragments further 
divided for the purpose of chemical synthesis; 

Fig. 4 shows procedures for preparing a recombinant vector plasmid pSWTPSOD; 
Fig. 5 shows results of SDS electrophoresis (CBB staining) of purified human Mn-SOD protein, wherein 
Lane 1 shows the pattern of tiie supernatant of disrupted cell suspension, l-ane 2 shows the pattem of the 
fluid after DEAE-Sepharose column chromatography. Lane 3 shows the pattern of the concentrated fluid 
after DEAE-Sepharose column chromatography. Lane 4 shows the pattem of the flukJ after the buffer 
exchange using Sephadex G-25, Lane 5 shows the pattem of the fluid after CM-Sepharose column 
chromatography. Lane 6 shov/s the pattem of Mn-SOD maricer originated from E. coli , l-ane 7 shows the 
pattem of Mn-SOD marker originated from E. coli. Lane 8 shows the pattem of human Mn-SOD maricer 
originated from human liver, and L^ne 9 shows the pattem of molecular weight mariners; 
Fig. 6 shows procedures for preparing plasmid pPi^SOD; 

Fig. 7 shows amino acid sequence of modified human Mn-SOD in which 59th isoleucine is converted to 
threonine; 

Fig. 8 shows nucleotide sequence encoding the polypeptide shown in Fig. 9; and 
Fig.9lsarestrictionmapofplasmidpSWTPTSOD.- _ . _ . _ - - 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

As describeid above, ttie recombinant vector plasmid of the present invention contains a ligated promoter 
including tac promoter and Pi promoter. The tec promoter is a fused promoter having the E. coli tryptophan 
promoter and E. coli lactose promoter, which perse is well-known in tiie art The Pi promoter is originated from 
E. coli X phage, which per se is also well-known in the art 

In general, although various excellent promoters are known, since the suitability of a promoter with respect 
to a structural gene downstream the promoter varies depending on the properties of the structural gene or th 
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polypeptide encode^pireby. such as cytotoxicity of the polypeptide, it is invisible to determine the suitability 
of a promoter when a specific structural jgene is to be expressed. Thus, although various promoters which 
function in E. coli such as lac pronK>ter, ^ promoter §fid P|. pronooter are known* fbr the production of human 
Mn-SOD, only promoter alone has been employed (Reference 3). However, as mentioned above^ if Pi 

5 promoter alone is employed, a troublesome operation to change the culturing t mperature when the protein is 
expressed is necessary and th amount of the produced desired protein is not sufficiently. In contrast, in the 
vector plasmid of the present invention containing a ligated pron>oter having tac pronfK)tef and Pt promoter is 
used, the induction of production by raising the culturing temperature is not necessary, and the amount of the 
produced human Mn^OD is larger. 

10 In the conventional process, Pi promoter which cart be induced by raising temperature was employed 
(References 3 and 13) in order to eliminate the possible damage by hydrogen peroxide which is the intrinsic 
reaction product fonmed by SOD. It was surprisingly discovered by the present inventors that if tac/Pt ligated 
promoter is employed, preferably with the addition of manganese ion to the culturii>g medium, human Mn-SOD 
Is continuously produced and a large anr)ount of (twice the amount attained when Pt promoter is employed) 

15 human Mn-SOD is accumulated keeping ics activity, it was also discovered that the human Mn-SOD 
accumulated in a large amount in the host cells does not inhibit the growth cf the host ceils and the production 
of the desired protein, so that the production of the enzyme in a large amount may be accomplished. 

in the recombinant vector plasmid of the present invention, at downstream region of the above-mentioned 
promoter, a structural gene encoding human Mn-SOD is operatively linked with the pronwter. The human Mn- 

20 SOD gene per se is known, which encodes the amino ackJ sequence, for example, shown in fig. 1 or 7. 
Examples of the nucleotide sequence of the human Mn-SOD gene are shown in Figs. 2 and 8. The human Mn- 
SOD gene may be isolated by doning the gene from cDNAs prepared from an appropriate human tissue as 
described in the published references (References 3, 4 and 5). Alternatively, the human Mn-SOD gene may 
be divided into some blocks and each of the blocks is chemically synthesized, followed by ligation of the blocks 

25 so as to form the complete gene, which is employed in the actual working examples hereinbelow descn'bed. 

Downstream the structural gene of human Mn-SOD, a terminator is operatively linked. Any terminatoir may 
be employed as long as it functions in E. coll. The nmB terminator for ribosomal RNA translation is especially 
preferred. 

The recombinant vector plasmid containing tac/Pi ligated promoter may be constructed by firstly inserting 
30 Pi promoter firagn^ent by a known recombinatton technique in a plasmid such as pKK22S-3 containing tac 
promoter and a temninator at downstream region of the tac promoter, and then inseiting the human Mn-SOD 
gene immediately downstream the Pi pronrK)ter. 

The expression unit including the tac/Pt ligated promoter, the hun^an Mn-SOD structural gene and the 
tenninator may be cloned in a plasmM. Any plasmid such as pBR322, pUCi 8 or pKK223-3 which can transform 
35 E. coli may be employed. 

The above-mentioned expression unit may be inserted in any region of the plasmid as long as it can be 
expressed. In cases where the expression unit is inserted in a plasmid of pBR series or pUC series having arrv 
pldllin-resistant gene, the expression unit may preferably be inserted in, for example, Eco Rl - Hind III site or 
EcoRI - Bam HI site, 

40 As the host, transfonmable E. coli usually used in the field of genetic engineering may be employed. Specific 
examples of the E. coll strains which may be employed indude E. coli CSOp, HB101 . MC1061. DH5 a, JM105. 
JM109 and the like. Among these,' E. coli JM105 and JM109 are preferred. Since the host E. coli usually 
produces its own Mn-SOD, the bacterial Mn-SOD may be contaminated in the desired hunrtan Mn-SOD. so that 
the bacterial Mn-SOD must be removed during the purification step of the human Mn-SOD. Thus, if an E. coli 

45 host which does not produce its Mn-SOD is employed, it is very advantageous for the Industrial production of 
human Mn-SOD. An example of such E, coli which does not produce Mn-SOD is E. coli GC4468 (Reference 
19). 

E. coli host may be transfomied by a conventional method. For example, E. coli is grown in a nutrient 
medium until the absorbance at 600 nm reaches 0.4 - 0.6. After collecting the cells, the cells are treated with 
50 a buffer containing rubidium chloride or calcium chloride and the recombinant vector plasmid, thereby 
introdudng the vector plasmid into tiie host cells (Reference 7). The selection of the transfonnant may be carried 
out by a conventtonal method in which the transformant is selected according to the selection maricer such as 
drug resistance of the plasmid and tiie human Mn-SOD-producIng cells are tiien selected. 

The human Mn-SOD may be obtained by culturing the transformant which produces hunrtan Mn-SOD and 
55 recovering the Mn-SOD from the cells. The cells may be cultured at a temperature of 32 - 40^0. A usual nutrient 
medium for culturing E. coll (e.g.. those described in Reference 7) to which manganese ion is added, may be 
employed. The concentration of manganese ion may be 1 - 20 mM, preferably 10-15 mM. After culturing the 
host cells, the cells are collected by centrifugation. The collect d cells are then disrupted by a conventional 
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ie.Th insoluble materials 



method such as chajj^he pressure, treatment with glass beads or with ftmi 
, STaU^y ap,«P-a^, a*s*9 pH and »e .a« cco«r«.oa ^ bd-T. Tl,« 

m btU passed ft""*" •"'""^""l^S' chromKoaraph, column. As««;«^ 

conventional methods such as gel pemieation chramatography ^I'^'y^'^^^"^,^**^^*^^ ,^ ^.^^ ^ 3 ^t- 
The thus adjusted passed through fluid from the anion-exchange <*"«^*'^.'^P''y ^ or 

30 ^pedally about 30 mM. In the case where the buffer used for elution has a pH of at>out 6.5. 
Among the eluted fractions, those exhibiting SOD^ctivity are rB«>vered 
»wassurprlsinglydiscoveredthatbyemployin9th.spro^^^^^^ 

useful in dinical applications such as anti-innammalion asenl 

,^7esrpitr.r.rsr;s:.^^3:^^^^ 

40 In the following examples, unless otherwise specified, each procedure was cameo oui 
representative conventional method described in Reference 7. 



Example 1 
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so 
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was dh/ided into three blocks A. B and C as shown in F.g. 3. each of he '^'^^^ J^„3 

to the 5' end thereof. Th, chemically synthesized 6 - 8 fragments <^^^^^^^^ B or C 

in fg. 3 were ligated by using T4 ligase so as to fom, the "ofJ*^^^/"^.^l^c^"^^^^^ wift Bam HI - 

Xba I - Eco R!. the block B was digested witn Eco Ri - Bam HI and the koc^ C was diges 

Hi^d lll.-i7elect«,phoresis. the desired DNA blocks ^^-<^^^^^^'^^^^^^^ ^^^^ ^nd Bam HI - Hind 

The DMA blocks A. B and C were inserted in Xba I - Eco RI site. Eco Rl - Bam hi r , "irrTncgoDA 

,,,siJ.resptS^orpUCpIasmidvectorusingT4DNAI^ 

Wock A), PUCSODB (containing block B). pUCSODC (contain«,g bio* C). 
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The three dasmidsA amplified in E. coll and purified. The plasmid p4|^DA was ^^^^sted w.th ^ 
R, E J l aS ?SS^3?nt of about 3 \;£^s recovered. The plasmid pflRbOB <" Seated vnth ^ 
r^HlandaD>^Zmentofabout260bpwa^ 

IS UboralDries, Maryland. U.SA) was used. 



Example 2 



ExDiesslon of Human Mn-SOD Using Expression Vector Having tsdP^ Ligated Promoter 

P JMlSgtcommercially available from Toyobo. Osaka. Japan) was transformed wrth the p^asmid 
.,SV^DS^Er^7e'andatransfom.a^^ 
S??e^S^or,;^n^^^^^ 

TThe percentage of the desired human Mn-SOD among the soluble proteins m the supernatant was 45.1 A 



30 



by weight 
Example 3 
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40 



45 



SO 



KpH 6 5) thereby. The resultant was applied to CM-Sepharose (commerc-ally ^''^'^^^^^'^^^^r^^^l 

with References 9 and 12 was 5280 units/n^ prote.n. ^ absorption 

The manganese content of the thus punfied human ^"-300. which was measur^^ 
spectrophotometry, was 0.99 manganese ion per f^r^et^C^^^^^^^ 

^^cda; wetaht was 98.000. so that it was shown that this human Mn-SOD Is m the fonn of el«mer 
Tte i^ute of *e poiyaciylamlde-SDS electrophoresis during and after the punficabon are shown .n Rg. 
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Table 1 



Amount of Total Total SOD Activity*^ 
Protein^ (imits/1 mediun) 

Sample (g/1 medium) 



Disrupted Cell 1755 2-26 x 10^ 

Suspension 

Aft«r DRAE- 432 1.82 X 10^ 

f5 sepharose Colxanui 

*After CM- 146 7.7 x 10^ 

Sepharose Column 



*1: Determined by Lowry method (Reference 12) using BSA 
as' a standard protein 

♦2: Determined by Cytochrome C method (Reference 9) by 
McCord 

Example 4 

30 Construction of Expression Vector Containing tac/Pt Ugated Pronnoter, Which Has Human Mn-SOD Structural 
Gene Encoding Amino Acid Sequence Shown in Fig. 7. 

In the same manner as in Example 1, the gene shown in fig. 8 which encodes amino acid sequence of 
modified human Mn-SOD in which 59th isdeucine is converted to threonine, shown in Fig. 7. More particulariy, 
the gene was divided in the same manner as shown in Fig. 3, and according to the scheme shown in Fig. 4, 

35 an expression vector pSWTPTSOD (shown in Fig. 9) expressing human Mn-SOD having the amino acid 
sequence shown in Fig. 7 was prepared. The human Mn>SOD was expressed according to the same method 
as in Example 2. and the human Mn-SOD was purified by the same manner as in Example 3. The supematant 
of the disrupted cell suspension had a total SOD activity of 1.44 x 10« as shown in Table 2. The desired hunrari 
Mn-SOD was obtained as a pure protein which exhibited an activity of 7.9 x 10^ units. 

40 



45 



so 
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Table 2 
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Sample 



Amount of Total Total SOD Activity 
Protein (units /I medium) 

(g/1 medium) 



10 



IS 



20 



Disrupted Cell 
Suspension 

Alter D£A£- 
Sepharose Column 

After CM- 
Sepharose Column 



2981 
1018 
472 



1.44 X 10^ 
9-6 X 10^ 
7.9 X 105 



Comparative Example 1 

25 Construction of Ptasmid pP|.MNSOD and expression of Human Mn-SOD Thereby 

A plasmid pPtMNSOD having Pi promoter alone and human Mn-SOD structural gene was prepared In 
accordance with the scheme shown in Fig. 6. More particularly, 10 |ig of the plasmid pSWTPSOD prepared in 
' Example 1 was digested with Rl and the digest was purified by agarose gel electrophoresis to obtain 1 \ig 
of linear plasmid generated by cutting one Eco Rl site in the plasmid pSWTPSOD. The linear plasmid was 

30 digested with Bam HI to cut the unique Bam H I site therein and DN A fragment of 4.9 kbp was purified by agarose 
gel electrophoresis. The isolated fragment in the amount of 0.2 ^g was treated with DMA polymerase Klenow 
fragment so as to make its both ends blunt The thus obtained DNA fragment was drculated by a conventional 
reaction using T4 ligase and the resulb'ng plasmid was introduced in E. cdi DH5 a strain to transfonn the same. 
By screening the transformants, 2 transformants among 36 transformants contained the desired plasmid pP. 

35 lMNSOD which does not have tac promoter. v. 

With the plasmid' pP|.MNSOD, E. coii N4830 (having cl857 and N gene, commercially available from 
Phanmada) was transformed and the transformant was cultured in 1 x LB medium (Reference 7) containing 
50 mg/i of ampicHlin at 32^C until the absorbance at 600 nm of the culture medium reaches 0.7. To the culture 
medium, manganese sulfate was added to a final concentration of 1.2 mM and the culture medium was 

40 incubated at 42^C for 2 hours. The cells were collected by cenbifugation and the collected cells were suspended 
in 250 mM NaCI buffer containing 50 mM potassium phosphate, followed by disruption of the cells by the 
treatment with glass beads by using Dynomill. The disrupted ceil suspenston was centrifuged and the 
supematant.was recovered. The total Mn-SOD activity of the supernatant was measured, which was 9.84 x 
10^ units as shown in Table 3. The percentage of the desired human Mn-SOD among the soluble proteins in 

45 the supeniatant was 20.1% by weight 

Comparative Example 2 

Isolation of Human Mn-SOD from Supernatant of Disrupted Cell Suspension Obtained in Comparative Example 
50 1 

The supernatant of the disrupted cell suspension obtained in Comparative Example 1 from one liter of the 
culture medium was heated at 60*^0 for one hour and the cooled to 4'*C. The resultant was centrifuged and the 
supematant was recovered. After concentrating the resulting supernatant by ultrafiltration, the concentrate was 
appli d to Sephadex 6-25 column (commerdally available from Pharmacia) preliminarily equilibiBted with 10 
55 mM potassium phosphate buffer (pH 7.8) with a volume of 5 times that of the column, thereby xchanging the 
buffer to 10 mM potassium phosphate buffer (pH 7.8). The resultant was passed through DEAE-Sepharose 
column (commercially available from Pharmada) preliminarily equilibrated with 10 mM phosphate buffer (pH 
7.8) with a volume of 5 times that of the column. The passed through fluid was concentrated by ultrafiltration 
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and the buffer was exchanged to 40 mM acetate buffer (pH 5.5) by gel permeation chromatography using 
Sephadex G-25 column (commercially available from Phannacia). The resultant was applied to CM-Sepharose 
column (commercially available from Phanmacia) pretiminarily equilibrated with 40 mM acetate buffer (pH 5.5) 
with a volume of 5 times that of the! column so as to adsorb the proteins to the column. After washing the column 

5 with 40 mM acetate buffer (pH 5.5) with a volume of 3 times that of tha column, the proteins were eluted by 
180 mM acetate buffer (pH 5.5), and the fractions having SOD activity were recovered and combined. The thus 
obtained solution was subjected to electrophbresteVAs a result, it was proved that th protein contained in Uie 
solution was a single protein having a total SOD activity of 2.1 x 105 units as shown In Table 3. Further, tiie 
specific activity of tiie protein was measured according to the metiiod described in References 9 and 12, which 

10 was 3560 units/mg protein. 

The manganese ion content of the tfius obtained human Mn-SOD was 0.78 ton per one polypeptide chain, 
which was measured by atomic absorption spectrophotometry. The molecular weight of the thus isolated human 
Mn-SOD was measured, which was 48,000. Thus, it was proved tiiat most of the tiius isolated human Mn-SOD 
niolecules were in ttie form of dimer. 

15 



Table 3 



Sample 


Amount of Total 

Protein 

(g/1 medium) 


Total SOD Activity 
(units/1 mediun) 


Disrupted Cell 
Suspension 


1861 


9.84 X 10^ 


After DEAE- 
Sepharose Coluxnn 


166 

r 


5.1 X 10^ 


After CM- 
Sepharose Colxinn 


59 


- 2.1 X 10^ 
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Claims 

15 1. A recombinant vector plasmid comprising: 

a ligated promoter including tac promoter and P|. promoter; 

a structural gene encoding human manganese superoxide dismutase, which is located downstream 
said ligated promoter, and 

a tenmlnator which acts In E- coll cell, which Is located downstream said structural gene; said 
20 recombinant vector plasmid being capable of expressing said human manganese superoxide dismutase 

gene. 

2. * An E. coll transformant which is transformed with said recombinant vector plasmid of daim 1. 

2Zk X..,^ The E. coll transfonmant of daim 2, of which host cell does not produce E. coil manganese superoxide 

dismutase. 

4. A process of producing human manganese superoxide dismutase comprising culturing said transformant 
of daim 2 in a condition to produce the human superoxide dismutase. and recovering the produced human 

30 superoxide dismutase. 

5. The process of daim 4, wherein said culturing of said transfonmant is cam'ed out in a culture medium 
containing 1-20 mM Mn^. 

35 6. The process of daim 5, wherein the concentration of Mn2^ Is 10-15 mM. 

7. A process of recovering human manganese superoxide dismutase from a solution containing soluble 
proteins in bacterial cells, comprising, in the order mentioned, the steps of: 

(a) passing said solution containing soluble proteins In said bacterial cells through an anion-exchange 
40 chronwtography; 

(b) adjusting the pH of the passed through fluid from said anion-exchange chromatography to 6.0 - 6.7, 
and adjusting the salt concentration of said passed through fluid from said anion-exchange 
chronriatography column to the degree capable of being adsprt>ed to a cation-exchange 
chromatography column used In the following step (c); 

45 (c) passing the resulting solution obtained in step (b) through a cation-exchange chromatography 

column; 

(d) passing through said cation-exchange chromatography column an elution buffer having a pH of 6.0 
- 6.7 and a high salt concentration capable of eluting human manganese superoxide dismutase; and 

(e) recovering the eluted human superoxide dismutase. 

so 

8. The process of daim 7. wherein the pH of said passed through fluid is adjusted to 6.5 in step (b), 

9. The process of daim 7. wherein the pH of said buffer used in step (d) is 6.5. 

55 10. The process of daim 7. wherein the human manganese superoxide dismutase recovered by the process 
has not lees than 0.9 manganese ion per one human manganese superoxide dismutase polypeptide chain. 

11. The process of daim 7, wherein the human manganese superoxide dismutase recovered by the process 

10 
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has a specific aollily of not less than about 4200 units/ir^ 

12. The process of daim 7, wherein the human manganese superoxide dismutase recovered by the process 
has an average molecular weight of not less than 85000. 
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. ,n > 20 30 40 50 60. 

^^.^^^A fArrrrrccd GAGCTGCCCT ACGACTACGG C6CCCT6GAA CCTCACATCA 
otIcT^CG? G?iiSGG6i CtIgIIIIII TGC?GATGCC GCGGGACCTT GGA6TGTAGT 

7n 80 90 100 110 ^20 

.^^/./r^./.!? rATGCAGCTG CACCACAGCA AGCACCACGC GGCCTACGTG AACAACCTGA 
TGC6CGTCTA GTACGTCGAC GTGGTGTCGT TCGTGGTGCG CCGGatGcAc iiv,ti«««v. 

190 140 150 160 170 180 

^^rrr^rrrk GGAGAA6TAC CAGGAGGCGT TGGCCAAGGG AGATGTTACA GCCCAGACAG 
?qSct6GCT il^CnSlG GTCCTCC6CA ACCGGTTCCC TCTACAATGT CGGGTCTGTC 

I go 200 210 220 . 230 240 

CTCTTCAGCC TGCACTGAAG TTCAATGGTG GTGGTCATAT caatcatagc attttctgga 
GAGAA6TCGG ACGTGACTTC AAGTTACCAC CACCAGTATA GTTAGTATCG TAAAAGACCT 

O50 260 270 280 230 300 

CAAACCTCAG CCCTAACGGT GGTG6A6AAC CCAAA6GGGA GTTGCTGGAA GCCATCAAAC 
GTTTGGAGTC GGGATTGCCA CCACCTCTTG. GGTTTCCCCT CAACGACCTl CGGTAGTTTG 

310 320 330 340 350 360 

GTGACTTTGG TTCCTTTGAC AAGTTTAAGG AGAAGCTGAC GGCTGCATCT GTTGGTGTCC 
CACTGAAACC AAGGAAACTG TTCAAATTCC TCTTCGACTG CCGACGTAGA CAACCACAGG 

370 380 390 400 410 420 

AAGGCTCAGG TTGGGGTTGG CTTGGTTTCA ATAAGGAACG gggacactta caaattgctg 
.??CCGAGTCC AACCCCAACC GAACCAAAGT TATTCCTT.GC CCCTGTGAAT GTTTAACGAC 

430 440 4S0 450 470 480 

C7TGTCCAAA TCAGGATCCA CTGCAAGGAA CAACAGGCCT TATTCCACTG CTgGGGATTG 
iilcIcGTTT AGTCCTAGGT GACGTTCCTT GTTGTCCGGA ATAAGGTGAC GACCCCTAAC 

490 ' 500 510 520 530 - 540 

atgtgtggga gcacgcttac- taccttcagt ataaaaatgt caggcctgat tatctaaaag 

TACACACCCT CGTGCGAATG ATGGAAGTCA TATTTTTACA GTCC66ACTA ATAGATTTTC 
S50 560 "^570 580 590 600 

ctatttggaa tgtaatcaac tgggagaatg taactgaaag atacatggct tgcaaaaag. 
gataaacctt acattagttg accctcttac attgactttc tatgtaccga acgtttttca 



aatgaa6ct 
ttacttcga 



F i B. 2 
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(A) 



CTAGATCGAT GAAGCACAGC CTCCCCGACC 
7AGCTA CTTCGTGTCG GAGGGGCTGG 



TGCCCTACGA CTACGGCGCC CTGGAACCTC 
ACG66AT6CT GATGCC6CGG 6ACCTTGGAG 

ACATCAACGC GCAGATCATG CAGCTGCACC 
TGTAGTTGCG CGTCTAGTAC GTCGACGTGG 



ACAGCAAGCA CCACGCGGCC TACGTGAACA 
TGTC6TTCGT GGTGCGCCGG ATGCACTTGT 

ACCTGAACGT CACCGAGGAG AAGTACCAGG 
TGGACTTGCA GTGGCTCCTC TTCATGGTCC 

AGGCGTTGGC CAAGGGAGAT GTTACAGCCC 
TCCGCAACCG GTTCCCTCTA CAATGTCGGG 

AGATAGCTCT TCAG 
TCTATC6AGA AGTCTTAA 



F i g 
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( B ) 



AATTCTCTTC AGCCTGCACT GAAGTTCAAT 
GAGAAG TCGGACGTGA CTTCAAGTTA 



GGTG6TG6TC ATATCAATCA TAGCATTTTC 
CCACCACCAG TATAGTTAGT ATCGTAAAAG 

TGGACAAACC. TCA6CCCTAA CGGT66TGGA 
ACCTGTTT6G AGTCGG6ATT GCCACCACCT 



GAACCCAAAG GGGAGTTGCT GGAAGCCATC 
CTT66GTTTC CCCTCAACGA CCTTCGGTAG 

AAACGT6ACT TTGGTTCCTT TGACAAGTTT 
TTT6CACTGA AACCAA6GAA ACTGTTCAAA 

AAG6AGAAGC TGACGGCTGC ATCTGTTGGT 
TTCCTCTTCG ACTGCCGACG TAGACAACCA 



GTCCAAGGCT CAGGTTGGG6 TTGGCTTGGT 
CAGGTTCC6A GTCCAACCCC AACCGAACCA 



Fl-6 



TTCAATAAGG AACGGGGACA CTTaCAAATT 
AAGTTATTCC TTGCCCCTGT GAATGTTTAA 



6CTGCTTGTC CAAATCAG 
CGACGAACAG GTTTAGTCCT AG 

Fl-5 



FiB. 3( Coatinued ) 
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CO 



GATCCACTGC AAGGAACAAC AGGCCTTATT 
. GTGACG TTCCTT6TT6 TCCGGAATAA 
U 

CCACTGCTGG ggattgatgt gtgggagcac 
ggtgacgacc cctaactaca caccctcgtg 

GCTTACTACC TTCAGTATAA AAATGTCAGG 
CGAATGATGG AAGTCATATT TTTACAGTCC 



CCTGATTATC TAAAAGCTAT ttggaatgta 
GGACTAATAG ATTTTCGATA AACCTTACAT 

ATCAACT66G A6AATGTAAC TGAAAGATAC 
TAGTTGACCC TCTTACATTG ACTTTCTATG 

ATGGCTTGCA aaaagtaatg a 
TACCGAACGT ttttcattac ttcga 



Fis. 3( Continued) 
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block A block B block C 



^^T41igase 



T41igase 



i < — T4ligdsc 



i-e-PUC19 

/Xbal-EcoRl 



I PUC19 

/EcoRl-BamKI 

Y > ~ • • — — 3 — - — 




4 -^-/EcoRl-Earl 'l'«-/EarI-BamHI .. 
^'C- Isolate 3kbp Isolate CA260bp 



i *— PUC19 

/BamHi-Hindlll 

I ^ *^ A 1 A macA 

* ^ — .-.--s 




i<- /BamHl-Hindlll 
i«- Isolate CAiaObp 
SOO/Block C 



T41igase 




17 



EP0 462 836 A2 



p S WT P SO 0 
J. 



t 

4^ 



i 



Hindlll Digestion 



Isolate CA 4.9kbp 
Hind III Digestion 



Klenow Treatment 



T4Ligase 
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10 20 30 40 50 60 

cgatgaagSa caocctcccc gacctgccct acgactacgg cgccctggaa cctcacatca 

GCTACTTCGT GTCGGAGGGG CTGGACGGGA TGCTGATGCC GCGGGACCTT GGAGTGTAGT 



110 



120 



ta 80 90 100 
1" nArntrAnrk tr.r.kr.r.A.CGC GGCCTACGTG AACAACCTGA 



?ScgSg?cta GTACGTCGAC .GTGGTGTCGT TCGTGGTGCG CCGGATGCAC TTGTTGGACT 
1^0 140 130 160 I'^O 180 

acgtcacJga qgagaag^ac caggaogcgt tggccaagqg i^il^TTl^l.^SSSTCi^^^ 
tgcagtggct cctcttcatg gtcctccgca accggttccc tctacaatgt cgggtctgtc 

190 200 21.0 220 230 240 

CTCTTCAGCC TGCAGTGAAG TTCAATGGTG GTGGTCATAT CAATCATAGC ATTTTCTGGA 
GAGAAGTCGG ACOTGACTTC AACTTACCAC CACCACTATA CTTACTATCC TAAAACACCT 

2S0 260 270 280 290 300 

CAAACCTCAQ CCCTAACGGT GGTGGAGAAC CCAAAGGGGA G"GCTGGAA GCCATCAAAC 
GTTTGGAGTC GGGATTGCCA CCACCTCTTG GGTTTCCCCT CAACGACCTT CGGTAGTTTG 



310 . . -320. 330 340 

OTGACTTTGG TTCCTTTGAC AAGTTTAAGG AGAAGCTGAC 

CACTGAAACC AAGGAAACTG ttcaaattcc tcttcgactg 

370 380 390 400 

AAGQCTCAGG TTGGGQTTGG CTTGGTTTCA ATAAGGAACG 
TTCCGAQTCC AACCCCAACC GAACCAAAGT TATTCCTTGC 

430 440 . 450 460 

CTTGTCCAAA TCAGGATCCA CTGCAAGGAA CAACAGGCCT 
GAACAGGTTT AGTCCTAGGT GACGTTCCTT GTTGTCCGGA 

490 500 510 520 

ATGTGTGGGA GCACGCTTAC TACCTTCAGT ATAAAAATGT 
TACACACCCT CGTGCGAATG ATGGAAGTCA TATTTTTACA 

550 560 570 580 

CTATTTGGAA TGTAATCAAC TGGGAGAATG TAACTGAAAG 
GATAAACCTT ACATTAGTTG ACCCTCTTAC attgactttc 



350 360 

ggctgcatct gttggtgtcc 
ccgacgtaga caaccacagg 

410 420 

gggacactta caaattgctg 
ccctgtgaat- gtttaacgac 

470 480 

tattccactg ctggggattg 
ataaggtgac gacccctaac 

530 540 

caggcctgat tatctaaaag 

GTCCGGACTA ATAGATTTTC 

i590 

ATACATGGCT TGCAAAAAGT 

tatgtaccga ACGTTTTTCA 



AATGAAGCX 
TTACTTCGA 



Fig. 8 
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